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BSThIt

Zinc and manganese phosphated steel panels were exposed to,
high frequency vibrations (ultrasonic cleaninj) In various
media to determine the effect of this cleaning procedure
on the corrosion resistance of the coated panels. Phos-
phated panels showed diminished corrosion resistance after
exposure to these vLbrattons in water end water-based
cleaners, but were not affected after exposure to ultra-
sonics when trichloroethylene was used as the medium.
Phomphate-coaLed panels ultrasonically Cleaned end then
treated with supplemontary oil (tM-L-644) exhibited
relatively the same corrosion resistance as oiled phos-
phated panalm not exposed to ultrasonic vibrations. Test
procedure is p•ivt, nnd renults ere discusaed.
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OBJECTIVS

To study the effect of ultrasonic cleaning on the Corrosion

resistance of phosphate-costed panels.

CONCLUSIONS

1. A water dip of phosphated panels, followed by imediate
drying, does not destroy the chromic acid seal or reduce the
corrosion resistance of the panels.

2. UltrasuiLc cleaning of sine and manganese-phosphated
surfaces in water ur water-based cleaners produces areas on the
surface where corrn,8on resistance is reduced.

3. Ultrasonic cleaning of sine or manganese-phosphated
pieces in trichlorvathylene does not alter the corrosion resistance
of the coated panel.

4. Zinc or ,manganese-phosphated panels treated with

supplementary pres~uvative oil, MIL-L-644, subsequent to ultr•sonie
cleaning in waLer or water-based cleaners have the em* resistance
to corrosion as njJl.d panels not exposed to ultrasonic cleaning
in those media.

S. The xp():,,ro time in excess of one minute has little
effect on the quswt•y of corrosion produced on phosphated panels.

RECO"ENDATION

UltrasonLc c.,anin.• of phosphated components and assemblies
should be reeug•In,6 am. an acceptable process.

-1 -
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1. INTRODUCTION

Ultrasonic cleaning Is the use of high-frequency mechanical
vibrations, usually in liquids, for the purpose of removing foreign
matter (dirt) from solid pieces. The process has been used sucoess-
fully by industry to remove lapping compounds, oils, and greases
from a variety of components.

Ultrasonic cleaning is currently being used to clean M14 rifle
components, prior to packaging at the Springfield Armory. Most of
these components have been phosphate-coated to provide a black
nonreflectLva surface and to protect the part from corrosion. The
effect of this ultrasonic cleaning on phosphate coatings, while
known to be less harmful than the hand-scrubbLng viethod previously
employed, was not known and no information could be found in the
literature.

A investigatLon was initiated to study the effect of these
high-frequency vibrations (27 KC) on phosphate coatings, both sinc
and manganese, in various types of cleaning solutions used at the
Springfield Armory and/or by contractors. Tie results of this
investigation are outlined in this report.

2. PROCEDURE
a. Preparation ofTest Specimens.

Except where iuidicated in this report, panels of 1020 type

steel, 1/32" x 2" x 4", were dgressaed, grit-blasted, sine or man-
ganese phosphated, and given a standard chronic acid dip.

b. Effect_7f Watr ott Chromic• Acid Seasled Panels.

(1) Fifteen steel panels (1 - 15) were manganese-

phosphated as stated In paragraph a, above. Ten additional panels
(16 - 25) were magaauese-phosphated similarly except that the
chromic acid seal was omitted (Table 1), These panels were then
subjected to the salt spray test.

-2-
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PROCEDURI *Continued

TABLS I

Trestment of Phosnhated Panels

Panels Post Pbhoshate Treatment

1 0 5 *Used as standards for salt spray

6 - 10 *Dipped 5 minutes in distilled water$,
dried, and exposed to salt-spray test '

11 - 15s Placed in ultrason~ics and distilled
water for 5 minutes, drisdl and exposed
to salt spray test

16 - 20 **Used as standards for salt-spray test

21 - 25 **Placed in ultrasonics and distLiled water
for 5 minutes, dried, and exposed to
salt-spray test

With chrvi~c acid dipI

**Without Oiromic acid dip

(2) Tht: purpose of-these preliminary experiments was
to determine wIbothll thu coating is damaged by a water dip only
or by the ultratJl~ action.

Phosphatotl panels were exposed to ultrasonic@ in water 6
for periods from I to 5 minutes each to determine the minimum
exposure time to obtain corrosion. All panels were placed in a

salt-spray chamber for one hour and examined for the effect of

ultrasonic exposure time on corrosion.

-3-
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PROCCURN - Continued

d. Nffect of-DUltrasonic Cleaing-inl Different Liguid Media.

Zinc and manganese-phosphated panels were exposed to ultra-
sonics in combination with water, water plum detergentes proprietary
cleaning solutions, and trlchloroethylone. Thesei panels were compared
with phosphated panels not exposed to ultrasonics for evidence of
corrosion, after exposure to malt-spray testing. The exposed panel
and standard (not exposed to ultrasonics) panels were chocked every
half hour, to a maximum of three hours, for evidence of corrosion
while in the malt spray cabinet. All panels were rated for degree

of corrosion on the basis of light, moderate, and heavy rust, end the
tine required to reach each stage was noted.

a, Cogrosion Resiowtnce of Fhomphated Ptanls Coated with
Supplementarv Rust Preventative.

Five la~c and five manganese phosphated panels were placed
in water and exposed to ultrasonics for one minute, air-dried, and
coated with protective oil meeting Specification )41L-L-644, These
panels pluaa five standard zlnc and fiveI manganese panels,-almo oiled,
were placed in a humidity cabinet at 11007 and 100 per cent relative
humidity for six weeks so tIiat. the corrosion resistance of oil-coaited,
ultrasonically cleaned, phivipheted panels could be studied. Theme
panels were inspected daily. f or evidence of corrosion, weekend$
excepted.

3. RESULTS AND DISCUS5T"

a. Effet of.2Watev . Chfjromi Acid Seated Panels.

(1) The results -4 experiments conducted to determine the
effect of the wator dip v;, the~ corrosion resistance of chromic acid
mealed phosphated panels ,,given in~ Table It.

-4-



REPORT
SA-TR1G-1122

RESULTS AND DISCUSSION - Continued

TABLE 11

IEffeet ofMatev on Chromic Acid fealed Panels

Time Panel
Exposed to Dearee of Rust

Salt-Spray Test I Very: vet;
(hr) Pa.n 1 None :Litht Liaht :Modetra~te Nseav tllev

1/2 1 - 5a X

6-10s X

11-lS1ao X

Iti-20b C

21-25b,c X

1 1 -5 1

X
A- I X

12, 0 X

2'*-25 X

1-1/2 1-5 X

]1 15 K

16h-20 ' X

21-25 X

a. With chromic &cid dip
b. Without chromic acid dip
C. Ultrasonically treated

.5.
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RhSULTS AND DISCUtSSON - Continued

(2) Panels I - 5 and 6 - 10 exhibited no evidence of Tust
after I hour of exposure and light rust after 1-1/2 hours of exposure
to the salt spray. Panels 11 * 15 wove moderately corroded, whereas
panels 16 - 20 weve heavily corroded after both I hour and 1-1/2 hour@
in the salt spray. Panels 21 - 25 weve heavily corroded after I hour
and very heavily corroded after 1-1/2 hours, It we$ apparent that the
water dip in which panels 6 - 10 were placed prior to oorrosion-testing

did not accelerate rust formation, The 9oder6te 0ust on paUels 11 - 15
idieates that the ultrasonic cleaning adversely affected the chromic
acid sealed phosphate coatLng. The results on panels 16 - 25 show that
the water dip on panels 1 - 10 did not affect or leash out the ehromia
acid seal from these panels, otherwise these panels would also have
exhibited heavy corrosion. It vat not possible to determine the effect
of ultrasonlas in the case of panels 21 through 25 because of the very
heavy corroe ion,

b. pgterjnmin 1i of Optimum 9xposull Time toL Ultrfeonfl ,

It can be seen from the test results in Table III that the
time a specimen was oexi~sed to water plus ultrasonic@, in excess of
one minute, had littli, influence on the quantity and rate of rust
formation.

TABLE III

Influence of Time of Exposure to Ultrasonics
on Cor i -oiWF101ioipheted Panels

Time Exposed Time Exposed
to Ultrasonic* to Salt Spray

min (hr) D

1 26 .0 1/2 None
I Medium

1-1/2 Heavy

2 31 - J5 1/2 None
1 Medium

1-1/2 Heavy

3 36 -40 1A2 None
-1 Medium

1-1/2 Very Heavy

-6-
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RESULTS AND DISCUSSION - Continued

as select of Ultrasonic Cleanina in Different

Ultrasonic high-frequenay vibrations adversely affected
corrosion resistance when used with water and water-based detergent
solutions. Corrosion appeared earlier than on the standards and
was more profuse as the test progressed (Figures I and 2),
Certain patterns were noticed (Photograph 1) on the phosphated
panels after exposure to ultrasonic* in the water and waturbased
detergents, Most of the early rust was formed in these pattern
areas during corrosion testing (Photograph 2), The phospbated
panels exposed to ultrasonics with trichloroethylene and the
proprLetory compound compared favorably corroeionvise with the
standards, and these patterns were not observed. The data on.
these results are presented in Figures 3 and 4.

d. ColoiA2DResistamnce I3of 3AhoshtdPnlJsJ
Trseated with Sulementary Protec.tiveOil

No signLi•icent difference in corrosion resistance
could be noted between ultrasonically cleaned sine and manganese
phosphated panels protected with supplementary oil (NfL-L-64) and
standard zinc and manganese, not ultrasonically cleaned, but
coated with the same oil. The first corrosion appeared on all
panels after 35 days' exposure in the humidity cabinet, As the
test continued, the progressive rust formation appeared to be
equal on most panels. The axperimental evidence reported above
is summarised Ln Table IV.
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RESULTS AMD DISCUSSION C Continued
TABLE IV

Corrosion Resistance of Phosphated Panels
Tr~eatd witn *up-I eentary Frroective-1T

Ultra. Type Days Imposed to Humidity Cabinet
conically Phosphate

zane la -Mai.. MUD 0 3 7 &2 A

41-45 Yes Zinc A 1 0 D

46-50 No Zinc A 3 0 D

51-55 Yes Manganese A a C D0

56-50 No Manganese A 5 C ,

A - No Rust
3 - Very Light Runt
C - Light Rust
D - Moderate Rust

Althoush Lhero is uwine detectable dwnaae resulting Elmu the
ultrasonic Cleaning of h'•ftphdLa co~tings in aqueous media, the usual
ordnance practica of applLcatiun of supplementary protective ails to
phosphated surfaces proclulen this damsge from being significant or
important. It is apparoen thaL th,, coating remaining after ultrasonic
cleaning is Nufficoent Lo ansorb tho oil and to provide satiesfatnry
corrosion resistance.

*
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Appendix A- F igures

Appendix P hotographs

Appendix C *Distribution~
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Figures

1 Effect of Ultrasonic Cleaning in Water and
Water plus Detergents on Zinc Phomphated Panels

2 Effect of Ultrasonic Cleaning ln Water and
Water plus Detergents on Manganese Phosphated Panels

3 Effect of Ultrasonic Cleaning of Manganese
%homphated Panels in Triehloroethylene and
PSopreistar Compound

4 Effeet of Ultrasonic Cleaning of Zinc Phosphated
Panels in Trichloroethylene and Propietary Compound

-100
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LZOIND
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Photographs

19-O3S-1232/AMC-64 Manganese and Zinc Phospbated Panels after
Exposure to Ultrasonic Cleaning in Water
as Compared with Standards

19-O58-1233/AMC-64 Manganese and Zinc Phospbated Ultrasonically
Cleaned and Tested for Two Hours in Salt Spray
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